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In this work, two infrared spectra library search techniques were applied to the 
identification of Chinese herbal drugs. 
In Chapter 2, a general extraction method for the Chinese herbal drugs was proposed. 
An infrared spectra database of the extracts from the herbal samples was developed. 
The "Effective Peaks Matching" similarity search technique developed by Lau et al 
was applied to the identification of herbal samples using the infrared database of 
extracts from the herbal samples. Forty-eight herbal samples from ten species of the 
Umbelliferae Family were employed. 
In Chapter 3, an infrared spectra library search method using point-to-point spectral 
comparison technique was developed. The proposed method was applied to identify 
herbal samples using the infrared spectra database of extracts from the herbal 
samples. The results obtained using the proposed method were compared with those 
obtained using the Euclidean search method, and 56 species with a total of 200 
herbal samples were employed. 
The proposed library search systems were written in Visual Basic for Applications 
(VBA) and run under Microsoft Excel They can be edited and are user friendly. 
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1.1 Basic theory of infrared spectroscopy 
Infrared spectroscopy is a particularly useful analytical technique because of its 
enormous versatility.' It has been used for materials analysis in the laboratory for 
over seventy years. It is now one of the important analytical methods for qualitative 
and quantitative analysis. Infrared (IR) radiation refers to that part of the 
electromagnetic spectrum between the visible and microwave regions (10^ to lO^ 
cm"*). The most practical use range is between 4000 and 400 cm"'. 
Infrared spectrum provides information not only on the structural features but also 
the fingerprint of molecule. The peaks in an infrared spectrum correspond to the 
vibrational frequencies of bonds in the molecule. Infrared spectrum gives useful 
information for the chemical structure of molecules and creates a molecular 
fingerprint of samples. Like a fingerprint no two unique molecular structures 
produce the same infrared spectrum. Although the interpretation for the spectrum 
is difficult, the combination of group frequencies and the unique fingerprint region 
in IR spectra made it is possible to identify compounds using infrared spectroscopy 
by comparing the unknown spectrum with reference spectra. The identification 
ability of infrared spectra was accepted not only in the laboratory but also in the 
pharmacopoeias. 
As infrared spectra are practically impossible to be predicated, ^ qualitative IR 
analysis is usually performed by direct comparison of the spectrum of the sample 
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with that of reference samples. To shorten analysis time or to reduce the 
dependence on expert knowledge, computerization of the interpretation process 
has been a subject of investigation for many years and several coding and 
searching systems for infrared spectral data have been proposed for this purpose.^'^ 
1.1.1 Fourier Transform Infrared Spectrometer (FTIR) 
The first commercial IR spectrometer was developed during the early 1940，s. FTIR 
was developed in 1980's in order to overcome the limitations encountered by the 
dispersive instruments. Nowadays, FTIR is widely used and is a preferred method of 
infrared spectroscopy. 
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Figure 1.1 A simple Thermo Nicolet® FTIR layout 
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1.1.2 Advantages ofFTIR 
The advantages of an FTIR spectrometer over conventional dispersion spectrometer 
are mainly: 
1. Fellgett advantage. Information from all the spectral elements is measured 
simultaneously with an interferometer. The multiplex advantage is proportional 
to the number of frequency elements scanned and is given by N"�where N is the 
number of frequency elements. 
2. Jacquinot advantage. The use of interferometers in infrared spectrometers 
produces two principal advantages, i.e.，high energy throughput and multiplexing. 
In general, the energy throughput is 80 to 200 times greater than for a dispersion 
instrument depending on the resolution. 
3. Connes advantage. He-Ne laser is used for the wavelength calibration and the 
wavelength obtained is thus accurate. 
4. Speed. Coupling the advantages of high energy throughput and multiplex, the 
scanning speed can be rapid. 
5. Multiscanning Capability. Successive interferograms can be co-added with the 
aid of computer. Since the signal-to-noise (S/N) ratio is proportional to the square 
root of the number of scans, the S/N can be increased with the number of scans. 
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1.2 History of Chinese herbal drugs 
Traditional Chinese Medicine (TCM) plays an important role in Chinese history and 
culture. In the recent century, many Chinese migrated overseas and private TCM 
clinics and pharmacies have been established all over the world, especially in the 
regions where the Chinese live in compact communities. The traditional Chinese 
medicine uses natural substances which mainly contain herbal products, each with a 
particular purpose. For example, peach pits and safflower are used to improve blood 
circulation, and ginseng is used to strengthen cardiac function. 
The discovery and application of Chinese herbs and drugs has an extremely long 
history and can be traced back to thousands of years. The earliest pharmacopoeia in 
China, called Shen Nong Ben Cao Jing (神農本草經）was compiled in the second to 
third centuries A.D.. In Chinese legend, Shen Nong (神農氏)，a legendary emperor 
who lived 5000 years ago, took it upon himself to test, one by one, hundreds of 
different plants to discover their nutritional and medicinal properties. For example, 
the stem of Chinese Ephedrae (麻黃）is a sudorific; but its roots, to the contrary, can 
check perspiration. Cassia bark (肉桂）is warming in nature, and is useful in treating 
colds. Mint is cooling in nature, and is used to relieve the symptoms of illness 
resulting from heat factors. This accumulation of experience strengthened the 
Chinese understanding of herbal drugs, and increased the applications of natural 
principles in Chinese medicine. Shen Nong Ben Cao Jing summarized the 
cumulative knowledge of herbal medicine up to that time. Three hundred and 





Figure 1.2 A drawing of Shen Nong 
In the Ming Dynasty, Li Shi-zhen spent 40 years completing his comprehensive 
original work called Ben Cao Gang Mu (本草綱目）which is still used as reference 
today. He described plants, substance of animal origin, and minerals and metals 
together with their medical properties and applications. This encyclopedic work 
heralded a new era in the world history of pharmacology; it includes descriptions of 
1,892 different kinds of medicines. These works have all been translated into several 
foreign languages, and have exercised a profound influence on East Asian and 
European countries. It remains as the most influential and most commonly 
referring pharmacopoeia ofTCM among Chinese. 
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Figure 1.2 A drawing of Li Shen-zhen and a page from his book Ben Cao Gang Mu. 
In modem China, the government has put great efforts into promoting the 
modernization of Chinese medicine. In recent years, the value and advantages of 
traditional Chinese medicine have gradually gained recognition in the prevention and 
treatment of diseases and expanded rapidly in most western countries. A lot of 
educational institutes for Traditional Chinese Medicine have thus been established 
around the world. 
1.3 Identification of Chinese herbal drugs using traditional methods 
Nowadays, still a lot of people prefer to use Chinese herbal drugs. After the entry 
into WTO (World Trade Organization), China's pharmaceutical enterprises are 
expected to grow even faster. However, it is also a great challenge to the enterprises.^ 
Due to the increasing demands, there were fake or poor quality herbal drugs in the 
market. These substances may be ineffective and even lethal.^''^ For this reason, 
quality control, especially identification of Chinese herbal drugs is very important. 
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Chinese herbal drugs can be identified by human senses. It is a simple, fast and 
convenient method. However, some herbal drugs may have similar appearance and 
smell making the identification by senses difficult.丨�，丨彳 it also needs skill and 
experiences and there is not any regular patterns to follow.丨，Morphology can also be 
applied for the identification of Chinese herbal drugs. For applying this technique, 
people should be well-trained.'^ 
The above methods are limited to availability of entire plants. Microscopy based on 
the cell structure can be applied to identify herbal drugs. However, the 
micro-analysis had some limitations as it may be difficult to distinguish plants which 
are near relatives because their cell structures may be very similar. 
For the identification of Chinese herbal drugs, chromatographic techniques were 
frequently applied. Thin layer chromatography (TLC) is widely used for 
identification of Chinese Herbal drugs by comparing the retention factor Rf of certain 
chemical constituent. However, it is found that the reproducibility of Rf is not good]? 
Furthermore, it is difficult to standardize the method and compare the results 
obtained in different laboratories because different laboratories may use different 
chemical constituent as the standard. 
Identification of Chinese herbal drugs using ultra-violet (UV) spectra is frequently 
reported.18-23 However, most herbal drugs only show a few absorption peaks in the 
UV spectra, and hence the information used for identification is poor and it was 
reported that only 32% of the tested herbal drugs have two or more peaks?^ 
7 
Identification of Chinese herbal drugs depending on the content of one active 
component was stated in the Chinese Pharmacopoeia.^^ This assessment method 
involves only one active component, whereas the therapeutic effect usually depends 
on the combination of several chemical components, not just the active component. 
1.4 Identification of Chinese herbal drugs by spectral fingerprinting method 
1.4.1 Identification of Chinese herbal drugs by spectral fingerprinting method 
Fingerprint is a milestone of quality control of herbal m e d i c i n e ? Applications of 
fingerprint in the identification of Chinese herbal drugs were discussed in a lot of 
reports in the past 2 years.^ ^"^^ It includes chromatographic and spectroscopic 
methods.26-36 The traditional Chinese herbal drugs fingerprint is one of the strategic 
subjects for TCM (Traditional Chinese Medicine) modernization. It is not only a 
mode and technique for TCM quality control, but also a research mode and strategy 
for TCM theories and new drugs development" Provisional technical requirements 
for the application of fingerprint in quality control of Traditional Chinese injection 
was announced.^' It reported that IR spectrometric is a better method than 
chromatographic in the identification of herbal drugs.^^ 
1.4.2 Identification of Chinese herbal drugs by IR spectral fingerprinting method 
Infrared spectroscopy is one of the best methods used in quality control and 
identification in chemical and pharmaceutical industries. Using infrared 
spectroscopic methods for the identification of Chinese herbal drugs based on the 
spectral fingerprints were reported frequently.^^"^^ The specific character of IR 
spectra for identifying herbal drugs is superior to that of the UV method.46 While 
some researcher identified Chinese herbal drugs just by visual comparing the peaks 
of the spectral fingerprints,38—44 other researcher suggested that the spectral 
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fingerprints should be quantified and the comparison should be made with the aid of 
c o m p u t e r s . 2 9 ’ 3 3 ’ 4 7 
1.4.3 The "Effective Peaks Matching" similarity search method 
The "Effective Peaks Matching" similarity search system including a coding and a 
retrieval system for infrared spectral data for matching sample spectrum with 
reference spectrum. The coding system is based on the feature extraction of 
"effective peaks" of spectra. "Effective peaks" and shoulder peaks were defined in 
terms of 3 arbitrary constants which were determined using external calibration, i.e., 
polystyrene film. These arbitrary constants, however, can be revised based on the 
result of IR measurements of the polystyrene film according to one's own laboratory 
conditions. "NF" is related to intensity and is defined as the ratio of the absorbance 
of the effective peak to the sum of the absorbance of all the effective peaks. Both 
band position and "normalization factor (NF)" are two keys for matching. In the 
retrieval system, the matching of "NF" and band position is defined by means of 
f-test. A list of top scoring compounds is presented in the output. As the spectral 
comparison is made using /-test, at least three spectra were necessary to acquire for 
each sample. 
1.4.4 The Point-to-Point spectral comparison method 
Extract from the herbal drug is a mixture. The IR spectrum thus obtained is a 
summation of the spectrum of the constituents in the extract. For a herbal species, the 
spectrum, especially the shoulder peaks may have variation. However, the backbones 
of spectrums are almost the same. This makes the library search program using 
feature extraction, such as peak extraction or peak table comparison, difficult to be 
applied in spectrum of herbal extracts. Point-to-point comparison method uses every 
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points (or points within certain range) in the spectrum to compare. As the backbones 
of spectrums are almost the same, point-to-point spectral comparison method is 
suitable for the herbal extract spectrum. Meyer et al developed a SUSY software 
package which comprised a spectrum library and a spectrum retrieval system."^ 
Searching of a spectrum in the library may be achieved by peak list or spectrum 
comparison (point-to-point comparison). For the latter comparison, the spectrum of 
the sample, scaled to match the library spectrum format, is compared with all entries 
in the file. A rating number is formed from the plain or squared difference of the 
absorbance values of sample and reference, which is considered as an expression of 
the similarity between the sample and reference spectra. However, no scoring for 
matching of the spectra was reported. In this research work, a library search method 
using the concept of point-to-point comparison of the sample and reference spectra 
will be developed with a scoring system to be incorporated to compare the degree of 
matching. As the comparison of spectrum are using every points in the spectrum, the 
database will be larger, and the time needed for comparison will be longer than that 
using feature extraction method. However, those can be overcome by computer 
nowadays as predicted by Warr. 48 
1.5 Objectives of this research 
The objectives of this research are: 
1. to find a general extraction method for Chinese herbal drugs under study so that 
their active components can be extracted and the IR spectra of the extracts exhibit 
characteristics of the respective drugs; 
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2. to identify 48 herbal samples from 10 Umbelliferae Family herbal drugs with the 
aid of the "Effective Peaks Matching" method ^； 
3. to develop an infrared spectrum library search method using "point-to-point" 
spectral comparison algorithm; and 
4. to identify 200 samples from 56 commonly used Chinese herbal drugs with the 
aid of the "point-to-point" spectral comparison method. 
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Chapter 2 
Extraction and identification of Chinese herbal drugs 
using the ”Effective Peaks Matching” method 
2.1 Experimental 
2.1.1 Outline of the method 
In order to make comparison possible, the procedure has to be standardized. Samples 
were extracted with the same solvent systems. After drying, the extracts were 
analyzed by a Fourier Transform Infrared Spectrometer (FTIR). The spectra were 
digitized and saved as ASCII (American Standard Code for Information Interchange) 
files. Spectra from reference samples were used to build the library database, while 
spectra from unknown were identified by library search. The method is outlined as 
shown below: 
Figure 2.1 Outline of the method 
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Identified using Stored to IR 
the IR Database Database 
2.1.2 Reagents 
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The grades and the manufacturers of reagents used are as follows: 
Table 2.1 Reagents used. 
Reagent Supplier Grade 
Potassium bromide(KBr) Merck Spectroscopy 
Dichloromethane Labscan AR 
2.1.3 Herbal samples 
Ten species of Chinese herbal drugs from the Umbeliferae family with a total of 48 
samples from the Fujian Province, Hong Kong retail shops, the School of Chinese 
Medicine of the Chinese University of Hong Kong and the National Institute for the 
Control of Pharmaceutical and Biological Products were studied in this chapter. 
These drugs are frequently prescribed and most of them have similar appearance and 
smell. The samples used as reference had been identified, and are listed below with 
both common name used in Chinese Pharmacopoeia^^ and Latin names of medical 
material. The common names used in Chinese Pharmacopoeia were selected as the 
codes for IR database development. 
Note that for Chuanxiong, there were treated and untreated samples, making a total 
of 11 reference samples. 
Table 2.2 Herbal samples 
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Common Name used in No. of 
Latin names of medical material 
Chinese Pharmacopoeia samples 
Xiaohuixiang (小茴香） FRUCTUS FOENICULI 4 
Chaihu (柴胡） RADIX BUPLEURI 3 
Chuanxiong (j [[写）* RHIZOMA CHUANXIONG 12 
Chuangxiong (j I 丨写） RHIZOMA CHUANXIONG 7 
Danggui (當歸） RADIX ANGELICAE SINENSIS 3 
Duhuo (獨活） RADIX ANGELICAE PUBESCENTIS 4 
Fangfeng (防風） RADIX SAPOSHNIKOVIAE 3 
Gaoben (藁本） RHIZOMA LIGUSTICI 2 
Qianhu (前胡） RADIX PEUCEDANI 3 
Qianghuo (充活) RHIZOMA ET RADIX NOTOPTERYGII 4 
Shechuangzi (蛇床子） FRUCTUS CNIDII 3 
* Treated samples 
2.1.4 Instrumentation and apparatus 
An FTIR spectrometer model Perkin Elmer 1615 with a lithium tantalate (LiTaOs) 
detector was used for collecting the spectra. A Wig-L-Bug amalgamator model 
3110b was used for grinding KBr and mixing the extract with KBr. A heater model 
Coming PC-420 was used for decoction. 
2.1.5 Library search program 
A library search program using the "Effective Peaks Matching" method^ was written 
in VBA (Visual Basic for Applications). This program was run under Microsoft 
Excel 2000 and can be edited. 
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2.1.6 Extraction of ingredients 
About 5.0 gram of sample was put into a 250-ml beaker and boiled with 100ml of 
deionized water for 1 hour. The mixture was filtered and about 25ml of the filtrate 
was added into a 100-ml separating funnel and extracted with 25ml of 
dichloromethane. The above step was repeated 3 times using 20ml of 
dichloromethane instead of 25ml. The dichloromethane layers were collected and 
transferred into a 100-ml conical flask, dried with anhydrous calcium chloride and 
then filtered. The dichloromethane was then evaporated by rotary evaporator until 
about 2ml of the mixture was left, which was then transferred to a 5-ml vial 
containing about 0.2g of KBr. The vial was attached to the rotary evaporator with a 
rubber septum. The dichloromethane remaining in the vial was evaporated again. The 
residue was then ready for IR analysis. The above steps were repeated 2 times for 
each sample. 
2.1.7 Preparation of KBr pellet 
A suitable amount of KBr mixture from above step, a Plexiglas ball pestle and about 
0.3g of KBr powder were added to a 1-ml stainless steel sample holder. The mixture 
was ground for three 30 seconds using the Wig-L-Bug amalgamator in an interval of 
10 seconds.49 About 200mg of the ground power was then transferred to the KBr die 
and evacuated for 2 min before applying pressure. The pressure on the die was then 
increased to 8 tons and evacuated for 2 more minutes.^^ The pellet disc obtained was 
immediately placed in the sample holder and the spectrum was collected. 
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2.1.8 Spectrum measurement 
Each spectrum was recorded in absorbance unit from 4000 cm"' to 400 cm"' at 
resolution 8 cm'' with 64 scans. The sample was measured in KBr pellet so that the 
strongest band in the 2000 cm] to 1000 cm] wavenumber range gave absorbance 
(Abs) between 0.5Abs to 1.2Abs.^' A background spectrum was obtained on empty 
pellet holder" 
2.1.9 Data processing 
The spectrum was smoothed at 13 points using block average algorithm." It was 
then digitized at 2 cm] intervals producing 1801 discrete values and save as ASCII 
file. 
2.1.10 Library searching 
The four parameters of using the "Effective Peaks Matching" method ^ were as 
follows: 
b = 0.1055, c = 0.0029, d = 0.0207, tc = 4.303 
The wavenumber range used for the library search was from 2000 to 1000 cm'^  
2.1.11 IR Database 
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2.2 Results and Discussion 
2.2.1 Selection of extractant 
Dichloromethane was selected as the extractant because of the following advantages 
of using dichloromethane in the extraction steps: 
1. It is possible to extract secondary metabolites and active ingredients of the herbs, 
such as alkaloids and volatile oils. These secondary metabolites are different 
among different herbal species so that the spectra obtained show characteristic 
peaks of the herbs. 
2. It is a relatively less expensive and safer solvent to use. 
3. Its boiling point (40 ) is relatively low making the drying steps involved more 
convenient. 
2.2.2 Selection of wavenumber range 
In this part, only wavenumbers from 2000 to 1000 cm'^  were taken into consideration. 
In the range from 4000 to 2000 cm'', the spectra are similar and contain not much 
useful information for identification, ^ and the baseline and peak position show larger 
fluctuation.^'* In order to eliminate interfering absorption bands due to carbon dioxide 
at about 2340 and 667 cm"'，wavenumber range from 4000 to 2000 cm.i and those 
lower than 1000 cm'' were not considered. 
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2.2.3 Advantages of the proposed extraction method 
There was report that IR spectra were taken using the raw herbal samples, ^^  however, 
the spectra so obtained showed few characteristic peaks and the peaks were mainly 
from the common chemical constituents, such as sugars and proteins. 22’ in order to 
obtain highly characteristic spectra, extraction of characteristic chemical constituents 
is necessary" 
The proposed extraction method involved simple operation steps, used less toxic 
solvents, and produced highly characteristic spectra with good reproducibility. 
2.2.4 Reproducibility 
In this study, each sample was extracted three times such that 3 spectra were obtained 
for each sample. In order to study the reproducibility of proposed extraction method, 
the relative standard deviations (RSD) for the normalization factors (i.e. NF, 
described in Section 1.4.3), and that for the peak positions for 3 spectra of each 
sample were calculated. A graph of distribution of RSD for the normalization factors 
and a graph of distribution of RSD for the peak positions were plotted in Figure 2.13 
and 2.14 respectively. 
It can be seen from the Figure 2.13 and 2.14，over 80% of the normalization factors 
have a relative standard deviation lower than 5% and most of the peak positions have 
a relative standard deviation lower than 0.09% indicating a good reproducibility for 
the proposed extraction method. 
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2.2.5 Comparison of spectra of reference samples 
The 11 reference samples were extracted and their IR spectra measured as described 
in the Experimental Section. The spectrum of each reference sample was compared 
with each reference sample and the similarity score between each reference sample 
and each target was calculated using the "Effective Peaks Matching" method of Lau 
et al? The results are collected in Table 2.3. It can be seen that the scores of 100 
were obtained only for the cases where the spectrum of the reference sample was 
compared with itself showing that the "Effective Peaks Matching" method is 
effective in differentiating these 11 drugs. In the report by Lau et al, ^ it was observed 
that a reference compound having structure very similar to that of an unknown was 
found to have a high similarity score of 86. In the present study, we may also remark 
that the spectra of the reference samples having similarity score of around 80 show 
great resemblance between them. It is interesting to note that the similarity scores 
between treated Chuanxiong* and that for untreated Chuanxiong (about 40-50) were 
significantly different. 
Table 2.3 Similarity score among reference spectra 
Xiaohuixiang Chaihu Chuanxiong* Chuanxiong Danggui Duhuo 
Xiaohuixiang 100 .00 7 7 . 7 8 2 9 . 6 3 5 0 . 0 0 5 4 . 5 5 3 0 . 0 0 
Chaihu 77.78 100.00 39.51 70.00 63.64 60.00 
Chuanxiong* 3 3 . 3 3 4 4 . 4 4 100 .00 5 0 . 0 0 3 6 . 3 6 2 0 . 0 0 
Chuanxiong 4 5 . 0 0 6 3 . 0 0 4 0 . 0 0 1 0 0 . 0 0 8 1 . 8 2 4 0 . 0 0 
Danggui 4 4 . 6 3 5 2 . 0 7 2 6 . 4 5 7 4 . 3 8 1 0 0 . 0 0 4 1 . 3 2 
Duhuo 2 7 . 0 0 5 4 . 0 0 16 .00 4 0 . 0 0 4 5 . 4 5 100 .00 
Fangfeng 2 7 . 0 0 3 6 . 0 0 3 2 . 0 0 5 0 . 0 0 4 5 . 4 5 4 0 . 0 0 
Gaoben 4 4 . 4 4 5 5 . 5 6 6 2 . 5 6 6 0 . 0 0 5 4 . 5 5 5 0 . 0 0 
Qianghuo 6 6 . 6 7 5 5 . 5 6 5 0 . 0 0 6 0 . 0 0 5 4 . 5 5 3 0 . 0 0 
Qianhu 5 5 . 5 6 7 7 . 7 8 3 7 . 5 0 4 0 . 0 0 4 5 . 4 5 4 0 . 0 0 
Shechuangzi 27.78 4 4 . 4 4 25.00 20.00 18.18 30.00 
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(Cont'd) 
Fangfeng Gaoben Qianghuo Qianhu Shechuangzi 
Xiaohuixiang 30.00 39.51 59.26 49.38 24.69 
Chaihu 40.00 49.38 49.38 69.14 39.51 
Chuanxiong* 40.00 62.50 50.00 37.50 25.00 
Chuanxiong 50.00 48.00 48.00 32.00 16.00 
Danggui 41.32 39.67 39.67 33.06 13.22 
Duhuo 40.00 40.00 24.00 32.00 24.00 
Fangfeng 100.00 40.00 32.00 32.00 48.00 
Gaoben 50.00 100.00 75.00 62.50 12.50 
Qianghuo 40.00 75.00 100.00 50.00 25.00 
Qianhu 40.00 62.50 50.00 100.00 50.00 
Shechuangzi 60.00 12.50 25.00| 50.00! 購 . 0 0 
2.2.6 Identification of "unknown samples" 
In order to assess the performance of the proposed method, all the samples obtained 
from the retail shops were treated as "unknown samples", and were identified by the 
library search. The spectra of all the unknowns were compared with those of the 
reference samples studied in Section 2.2.5, and the highest similarity score in the hit 
list for each unknown were collected in Table 2.4. It is noted that 26 out 37 
unknowns (i.e. 70%) were identified with a similarity score of 100, 6 (i.e. 16%) with 
scores in the range of 87.5-90, and the rest (i.e. 13.5%) of 80-84. In other words, out 
of the 37 unknowns, 32 (i.e. 86%) were correctly identified with similarity scores of 
87.5 or above. 
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Table 2.4 Similarity between reference and unknown spectra 
Herbal Sample Similarity 
1 100.00 
































Gaoben 1 87.50 
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(Cont'd) 
Herbal Sample Similarity 
1 87.50 








2.2.7 Limitations of the "EPM" 
The "EPM" method requires three replicate measurements of the spectra and is quite 
time consuming. Further, the spectra for herbal extracts may have slightly variation 
among the herbal samples due to the variation in constituents. However, the 
backbone structures are still similar although there are differences in the shoulder 
peak intensities. The "EPM" method is based on the comparison of "effective" peak 
positions and "normalization factors". The "effective" peak is selected by algorithm 
and it depends on the threshold value. The "effective" peaks may thus have large 
difference among the herbal samples. This problem can be overcome by 




Identification of Chinese herbal drugs using point-to-point 
spectral comparison method 
3.1 Experimental 
3.1.1 Outline of the method 
Same as 2.1.1 
3.1.2 Reagents 
Same as 2.1.2 
3.1.3 Herbal samples 
56 species with a total of 200 samples from the Fujian Province, Hong Kong retail 
shops, School of Chinese Medicine of the Chinese University of Hong Kong and the 
National Institute for the Control of Pharmaceutical and Biological Products were 
studied in this chapter. These samples were listed in Table 3.1 with common name 
used in Chinese Pharmacopoeia and Latin names of medical material. The common 
names used in Chinese Pharmacopoeia were used as the codes for IR database 
development. The samples from the National Institute for the Control of 
Pharmaceutical and Biological Products or the School of Chinese Medicine were 
identified by experts and used as the references samples. Some of the herbal samples 
under study are similar in appearance and smell. 
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Table 3.1 Herbal samples 
Common Name used in Chinese 
Latin names of medical material No. of samples 
Pharmacopoeia 
Aiye (艾葉） FOLIUM ARTEMISIAE ARGYI 3 
Baibu (百部） RADIX STEMONAE 3 
Bohe (薄荷） HERBA MENTHAE 2 
Baitouweng (白頭翁） RADIX PULSATILLAE 3 
Baizhi (白正） RADIX ANGELICAE DAHURJCAE 4 
Chuanlianzi (j 丨丨楝子） FRUCTUS TOOSENDAN 3 
Chenpi (陳皮） PERICARPIUM CITRIRETICULATAE 3 
Chuanxinlian (穿心蓮） HERBA ANDROGRAPHITIS 3 
Dahuang (大黃） RADIX ET RHIZOMA RHEI 3 
Diyu (地榆） RADIX SANGUISORBAE 3 
Danzhuye (淡竹葉） HERBA LOPHATHERI 3 
Ezhu (莪7ft) RHIZOMA CURCUMAE 3 
Fangji (防己） RADIX STEPHANIAE TETRANDRAE 3 
Fanxieye (番瀉葉） FOLIUM SENNAE 3 
Gancao (甘草） RADIX GLYCYRRHIZAE 3 
Huhuanglian (胡黃連） RHIZOMA PICRORHIZAE 3 
Huanglian (黃連） RHIZOMA COPTIDIS 5 
Huangqin (黃夸） RADIX SCUTELLARIAE 3 
Huoxiang (藿香） HERBA AGASTACHES 2 
Jinqiancao (金錢草） HERBA LYSIMACHIAE 3 
Kushen (苦參） RADIX SOPHORAE FLAVESCENTIS 4 
Lianqiao (連翹） FRUCTUS FORSYTHIAE 4 
Lianzixin (蓮子心） FLUMULA NELUMBINIS 3 
Madouling (馬宽鈐） FRUCTUS ARISTOLOCHIAE 4 
Mahuang (麻黃） HERBA EPHEDRAE 4 
Mahuanggen (麻黃根） RADIX EPHEDRAE 3 
Manjingzi (蔓荆子） FRUCTUS VITICIS 3 
Muxiang (木香) RADIX AUCKLANDIAE 4 
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(Cont'd) 
Common Name used in 
Latin names of medical material No. of samples 
Chinese Pharmacopoeia 
Qiancao (茜草） RADIX RUBIAE 3 
Qinghao (青蒿） HERBA ARTEMISIAE ANNUAE 4 
Shihu (石斛） HERBA DENDROBII 3 
Shandougen (山豆根） RADIX SOPHORAE TONKINENSIS 4 
Shegan (射干） RHIZOMA BELAMCANDAE 3 
Sumu (蘇木） LIGNUM SAPPAN 3 
Shanzhuyu (山茱舆） FRUCTUS CORNI 4 
Wuweizi (五味子） FRUCTUS SCHISANDRAE 4 
Wuzhuyu (吳茱萸） FRUCTUS EVODIAE 4 
Xiangfu (香附） RHIZOMA CYPERI 4 
Xuanshen (玄參） RADIX SCROPHULARIAE 3 
Yinchaihu (銀柴胡） RADIX STELLARIAE 3 
Yimucao (益母草） HERBA LEONURI 3 
Yinyanghuo (淫羊藿） HERBA EPIMEDII 2 
Zhimu (知母） RHIZOMA ANEMARRHENAE 3 
Zhishi (枳實） FRUCTUS AURANTIIIMMATURUS 3 
Zexie (澤潟） RHIZOMA ALISMATIS 2 
Zhizi (梔子） FRUCTUS GARDENIAE 3 
Xiaohuixiang (小茴香） FRUCTUS FOENICULI 4 
Chaihu (柴胡） RADIX BUPLEURI 3 
Chuanxiong (川写）* RHIZOMA CHUANXIONG 12 
Chuangxiong (j I 丨写） RHIZOMA CHUANXIONG 8 
Danggui (當歸） RADIX ANGELICAE SINENSIS 4 
Duhuo (獨活） RADIX ANGELICAE PUBESCENTIS 4 
Fangfeng (防風） RADIX SAPOSHNIKOVIAE 3 
Gaoben ( 本 ） RHIZOMA LIGUSTICI 2 
Qianhu (前胡） RADIX PEUCEDANI 3 
Qianghuo (充活） RHIZOMA ET RADIX NOTOPTERYGII 4 
Shechuangzi (蛇床子） FRUCTUS CNIDII 5 
* Treated sample 
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3.1.4 Instrumentation and apparatus 
Same as 2.1.4 
3.1.5 Library search program 
A library search method using point-to-point spectral comparison method was 
proposed. The library search program was written in Visual Basic for Applications 
and run under Microsoft Excel. It is a user friendly program. 
The Euclidean method" in a software package, Spectrum 3.01, available 
commercially was used as a reference method and the results obtained using the 
Euclidean method and that obtained using the proposed method were compared. 
3.1.6 Steps in library search 
Step 1: Spectrum pretreatment 
In this step, the spectra under study were normalized such that the intensity had 
values between 0 and 1 absorbance units (Abs). The spectra were then digitized and 
saved as ASCII files. 
Step 2: Matching 
In the matching step, the unknown spectrum will be compared with all the reference 
spectra in the library. Each spectrum contains n points: 
Unknown spectrum {(xi,yi)，(X2，y2)’(X3，y3),(X4,y4)’".，(Xn, yn)} 
where, x: wavenumber; y: Abs 
Reference spectrum {(Xi，Yi)，(X2，Y2),(X3，Y3),(X4，Y4)，...’(Xn,Yn)} 
where, X: wavenumber; Y: Abs 
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For the spectra generated by the PE 1615 IR spectrometer, 
Xi = X i , i .e . , Xi = X i , X2 = X 2 , X 3 = X 3 , X4 = X 4 , . . X n = X n 
As a result, only the intensities at the same wavenumber will be compared. 
Suppose D is the absolute value of the difference between 2 intensities, 
i . e . I Y k - y k I = D 
There are 3 criteria to determine whether a point can be matched or not. 
Criterion 1: point matched 
D a 
Criterion 2: point possible matched 
a < D b 
Criterion 3: point unmatched 
D � b 
Where, a and b are two arbitrary numbers, and they were assigned as: 
a 二 0.100000 b = 0.150000 
*Note: the absorbance generated by the spectrometer has 6 decimal places. 
Step 3: output 
The output of the results is a hit list of possible matched candidates sorted from high 
similarity score to low. By definition, the similarity score is calculated from the 
following equation: 
Similarity score = ~ ~ ~ 乂 100 
Where A is the total number of points matched, C is the total number of points in the 
spectrum and B is calculated from the following equation: 
3 2 
^ 0.150000 
~ Y 0.050000 
Where, a < \y, - b, such that the score from the possible matching points will be 
dependent on the difference \yi-Yi. 
The similarity score thus obtained can be regarded as the percentage of points 
matched. 
3.1.7 Extraction of ingredients 
Same as 2.1.6, but each sample was extracted only once. 
3.1.8 Preparation ofKBr pellet 
Same as 2.1.7 
3.1.9 Spectrum measurement 
Same as 2.1.8 
3.1.10 Data processing 
The spectrum was smoothed at 5 points using block average algorithm " It was then 
digitized at 2 cm'' intervals producing 1801 discrete values and save as ASCII file. 
The spectrum was normalized to have intensities values lying between 0 and 1 
absorbance units (Abs) from 1800-1000 cm'' in order to remove concentration 
effects. 
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3.1.11 Library search 
The wavenumber range used for the library search is from 1800 to 1000 cm'' 
3.1.12 IR database 
The original spectra for building the IR database are shown in Figure 2.2 to 2.12 and 
the rest in Appendix 3. 
3.2 Results and discussion 
In Chapter 2, it has been shown that the "Effective Peaks Matching" method is 
effective in identifying 86% of 37 unknowns with a similarity scores from 87.5 to 
100. However, in this method each spectrum needs to be acquired three times using 
three sample preparations. In this part of the research, an attempt was made to 
develop another library search method which hopefully will have higher recognizing 
ability and which requires only one measurement of spectrum and hence will require 
less time for each analysis. The proposed method is based on the concept of 
point-to-point comparison of the sample and reference spectra as reported by Meyer 
et al, 4 where an expression of similarity between the sample and reference spectra is 
formed from the plain or squared difference of the absorbance values. In this research, 
a similarity score is proposed as follows: 
Similarity score = ~ — ~ x 100 
Where A is the total number of points matched, C is the total number of points in the 
spectrum and B is calculated from this equation: 
'0A50000-\y>-Y> 
- Y 0.050000 
Details of the proposed method were reported in Section 3.1.6. 
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Note that the programs reported by Meyer et al were written in PASCAL.* The 
library search program developed in this research work was written in Visual Basic 
for Applications (VBA) and run under Microsoft Excel. 
3.2.1 IR search of reference samples using the proposed point-to-point 
spectral comparison method 
Altogether 56 Chinese medicinal drugs were used for this study. The reference 
samples had previous been identified. They were extracted and the spectrum of each 
reference sample was measured once as described in the Experimental Section. A 
library of reference spectra of these 56 identified samples was thus compiled and the 
spectra are collected in Chapter 2 and Appendix 3. The performance of the proposed 
method was assessed by comparing the spectrum of each reference sample with those 
of the reference spectra in the library using the point-to-point spectral comparison 
method and the results are collected in Table 3.2. 
Note that for Chuanxiong, there were treated and untreated samples, making a total 
of 57 reference samples. 
Table 3.2 Search results of reference samples using the proposed method 
1st member in 2nd member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target Score 
1 Aiye Aiye 100.00 Muxiang 88.31 Zexie 76.74 Gaoben 75.75 
2 Baibu Baibu 100.00 Chuanxiong* 63.08 Chuanxiong 56.02 Xiaohuixiang 40.38 
3 Bohe Bohe 100.00 Yinyanghuo 63.87 Baitouweng 57.75 Mahuanggen 57.07 
4 Baitouweng Baitouweng 100.00 Mahuanggen 85.93 Danzhuye 85.92 Manjingzi 85.46 
5 Baizhi Baizhi 100.00 Shechuangzi 88.19 Qianhu 77.37 Chuanxiong 66.35 
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Table 3.2 Search results of reference samples using the proposed method 
1st member in 2nd member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target Score 
6 Chuanlianzi Chuanlianzi 100.00 Qianhu 81.11 Zexie 80.03 Wuzhuyu 74.50 
7 Chenpi Chenpi 100.00 Fanxieye 80.37 Fangji 76.89 Mahuanggen 71.03 
8 Chuanxinlian Chuanxinlian 100.00 Wuzhuyu 71.21 Shechuangzi 61.75 Xiangfu 61.49 
9 Dahuang Dahuang 100.00 Xuanshen 65.60 Gancao 63.55 Madouling 61.79 
lODiyu Diyu 100.00 Gaoben 64.48 Chuanlianzi 61.12 Fangfeng 60.03 
11 Danzhuye Danzhuye 100.00 Chaihu 87.98 Baitouweng 85.92 Fangji 85.31 
12 Ezhu Ezhu 100.00 Fangfeng 80.21 Xiangfu 80.05 Muxiang 69.36 
13 Fangji Fangji 100.00 Huhuanglian 88.52 Manjingzi 87.16 Mahuanggen 87.00 
14 Fanxieye Fanxieye 100.00 Chenpi 80.37 Manjingzi 80.34 Fangji 76.75 
15 Gancao Gancao 100.00 Zhimu 81.98 Kushen 76.54 Zhishi 68.49 
16 Huhuanglian Huhuanglian 100.00 Mahuang 89.50 Fangji 88.52 Qianghuo 79.61 
17 Huanglian Huanglian 100.00 Lianzixin 64.91 Madouling 59.45 Xiaohuixiang 59.41 
18Huangqin Huangqin 100.00 Kushen 53.94 Gancao 49.38 Sumu 46.86 
19Huoxiang Huoxiang 100.00 Shechuangzi 62.51 Xuanshen 53.72 Baizhi 51.80 
20 Jinqiancao Jinqiancao 100.00 Wuzhuyu 70.61 Chuanlianzi 68.89 Zexie 63.60 
21 Kushen Kushen 100.00 Gancao 76.54 Zhimu 61.29 Shegan 60.17 
22 Lianqiao Lianqiao 100.00 Chaihu 89.93 Zhizi 80.55 Manjingzi 79.51 
23 Lianzixin Lianzixin 100.00 Huanglian 64.91 Yinchaihu 54.66 Xiaohuixiang 53.02 
24 Madouling Madouling 100.00 Qiancao 71.66 Qianghuo 64.96 Yinchaihu 64.59 
25 Mahuang Mahuang 100.00 Huhuanglian 89.50 Shanzhuyu 87.72 Qianghuo 80.10 
26 Mahuanggen Mahuanggen 100.00 Fangji 87.00 Baitouweng 85.93 Danzhuye 83.06 
27 Manjingzi Manjingzi 100.00 Fangji 87.16 Zhizi 86.40 Baitouweng 85.46 
28 Muxiang Muxiang 100.00 Aiye 88.31 Fangfeng 76.47 Gaoben 70.45 
29 Qiancao Qiancao 100.00 Zhishi 74.50 Madouling 71.66 Qianghuo 69.98 
30 Qinghao Qinghao 100.00 Shihu 86.14 Shanzhuyu 81.32 Chaihu 79.38 
31 Shihu Shihu 100.00 Chaihu 89.57 Qinghao 86.14 Zhizi 83.90 
32 Shandougen Shandougen 100.00 Chenpi 70.63 Mahuang 67.60 Mahuanggen 66.81 
33 Shegan Shegan 100.00 Qiancao 69.04 Gancao 68.17 Zhimu 67.28 
34 Sumu Sumu 100.00 Yinyanghuo 62.66 Fangji 58.35 Shandougen 57.61 
35 Shanzhuyu Shanzhuyu 100.00 Zhizi 89.58 Danzhuye 85.46 Mahuang 84.51 
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1st member in 2nd member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target Score 
36 Wuweizi Wuweizi 100.00 Yimucao 66.10 Zhizi 65.95 Shihu 62.63 
37 Wuzhuyu Wuzhuyu 100.00 Zexie 74.92 Chuanlianzi 74.50 Chuanxinlian 71.21 
38 Xiangfli Xiangfli 100.00 Zexie 87.29 Ezhu 80.05 Aiye 70.96 
39 Xuanshen Xuanshen 100.00 Chuanxiong 69.00 Qianhu 67.40 Chuanxiong* 66.15 
40 Yinchaihu Yinchaihu 100.00 Danggui 77.82 Huhuanglian 66.49 Qianghuo 64.88 
41 Yimucao Yimucao 100.00 Shihu 81.08 Lianqiao 78.30 Qinghao 72.01 
42 Yinyanghuo Yinyanghuo 100.00 Baitouweng 83.89 Mahuanggen 72.48 Bohe 63.87 
43 Zhimu Zhimu 100.00 Gancao 81.98 Zhishi 69.99 Shegan 67.28 
44 Zhishi Zhishi 100.00 Qiancao 74.50 Chenpi 70.62 Zhimu 69.99 
45 Zexie Zexie 100.00 XiangfU 87.24 Chuanlianzi 80.03 Aiye 76.74 
46 Zhizi Zhizi 100.00 Shanzhuyu 89.58 Manjingzi 86.40 Shihu 83.90 
47 Xiaohuixiang Xiaohuixiang 100.00 Wuzhuyu 67.24 Qianhu 64.22 Xuanshen 62.79 
48 Chaihu Chaihu 100.00 Lianqiao 89.93 Danzhuye 87.98 Manjingzi 84.73 
49 Chuanxiong* Chuanxiong* 100.00 Chuanxiong 86.22 Xuanshen 66.15 Baibu 63.08 
50 Chuanxiong Chuanxiong 100.00 Chuanxiong* 86.22 Xuanshen 69.00 Baizhi 66.35 
51 Danggui Danggui 100.00 Yinchaihu 77.82 Huhuanglian 64.78 Madouling 64.67 
52 Duhuo Duhuo 100.00 Chaihu 63.91 Zhizi 59.32 Lianqiao 58.06 
53 Fangfeng Fangfeng 100.00 Ezhu 80.21 Muxiang 76.49 Qinghao 71.39 
54 Gaoben Gaoben 100.00 Chuanlianzi 79.69 Aiye 75.75 Zexie 75.42 
55 Qianghuo Qianghuo 100.00 Mahuang 79.68 Huhuanglian 79.61 Shanzhuyu 72.46 
56 Qianhu Qianhu 100.00 Shechuangzi 86.32 Chuanlianzi 82.39 Baizhi 77.37 
57 Shechuangzi Shechuangzi 100.00 Baizhi 88.19 Qianhu 86.32 Wuzhuyu 65.61 
From the results in Table 3.2, it can be seen that all the reference samples were 
correctly identified with a score of 100. 
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3.2.2 IR search of reference samples using the Euclidean search method 
The performance of the proposed point-to-point comparison method was further 
assessed by comparing the ability of the proposed method in retrieving reference 
samples with that of the Euclidean search method. Thus, the procedure described in 
Section 3,2.1 was repeated, the only difference being that the Euclidean method was 
used instead of the proposed point-to-point method, and the results are shown in 
Table 3.3，where the score were multiplied by a factor of 100 for easy comparison 
with the results reported in Table 3.2. 
Note that the Euclidean search method compares every point in a sample spectrum 
with the points in spectra in a search library, and it is a software package provided 
with the Perkin Elmer FTIR spectrometer model 1615. 
Table 3.3 Search results of reference samples obtained using the Euclidean search method 
member in 2"'^  member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target 
1 Aiye Aiye 100.0 Qianhu 79.4 Chuanlianzi 76.4 Manjingzi 76.1 
2 Baibu Baibu 100.0 Jinqiancao 76.8 Huhuanglian 38.9 Shegan 31.4 
3 Bohe Bohe 100.0 Manjingzi 89.9 Zhizi 84.8 Chenpi 83.1 
4 Baitouweng Baitouweng 100.0 Yinyanghuo 92.2 Mahuanggen 91.0 Fangji 90.5 
5 Baizhi Baizhi 100.0 Shechuangzi 83.8 Qianhu 73.6 Zhishi 68.2 
6 Chuanlianzi Chuanlianzi 100.0 Lianqiao 77.4 Aiye 75.3 Yinchaihu 68.7 
7 Chenpi Chenpi 100.0 Baitouweng 85.1 Bohe 84.0 Chaihu 83.9 
8 Chuanxinlian Chuanxinlian 100.0 Wuweizi 45.4 Yinyanghuo 44.6 Shegan 42.8 
9 Dahuang Dahuang 100.0 Fanxieye 79.0 Zhishi 75.8 Qinghao 65.4 
lODiyu Diyu 100.0 Shihu 64.3 Zhizi 62.0 Bohe 59.1 
3 8 
(Cont'd) 
1st member in 2nd member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target 
11 Danzhuye Danzhuye 100.0 Chaihu 93.1 Mahuanggen 92.7 Fangji 91.6 
12Ezhu Ezhu 100.0 Xiangfu 80.7 Bohe 69.6 Manjingzi 64.4 
13 Fangji Fangji 100.0 Mahuanggen 92.3 Danzhuye 91.6 Chaihu 91.6 
14 Fanxieye Fanxieye 100.0 Gancao 85.5 Bohe 82.0 Dahuang 79.6 
15 Gancao Gancao 100.0 Kushen 86.6 Fanxieye 85.4 Bohe 81.8 
16 Huhuanglian Huhuanglian 100.0 Shanzhuyu 91.1 Fangji 87.3 Mahuang 87.2 
17 Huanglian Huanglian 100.0 Bohe 65.5 Lianzixin 63.7 Baitouweng 63.1 
18 Huangqin Huangqin 100.0 Kushen 66.8 Shegan 64.6 Gancao 59.9 
19 Huoxiang Huoxiang 100.0 Wuzhuyu 57.3 Fangfeng 47.8 Ezhu 41.8 
20 Jinqiancao Jinqiancao 100.0 Baibu 77.2 Chuanxiong* 38.1 Chuanxinlian 35.1 
21 Kushen Kushen 100.0 Gancao 86.7 Shandougen 73.1 Fangfeng 71.7 
22 Lianqiao Lianqiao 100.0 Yinchaihu 88.7 Chaihu 88.5 Shanzhuyu 87.0 
23 Lianzixin Lianzixin 100.0 Yinyanghuo 78.0 Sumu 75.2 Baitouweng 74.0 
24 Madouling Madouling 100.0 Lianqiao 75.1 Mahuanggen 74.6 Chaihu 73.3 
25 Mahuang Mahuang 100.0 Shanzhuyu 91.6 Mahuanggen 90.7 Zhizi 90.6 
26 Mahuanggen Mahuanggen 100.0 Danzhuye 93.0 Fangji 92.4 Mahuang 91.0 
27 Manjingzi Manjingzi 100.0 Bohe 90.5 Fangji 89.5 Chaihu 86.3 
28 Muxiang Muxiang 100.0 Aiye 71.4 Zhizi 66.6 Chenpi 62.2 
29 Qiancao Qiancao 100.0 Danzhuye 78.1 Mahuanggen 76.1 Qianghuo 75.0 
30 Qinghao Qinghao 100.0 Qianghuo 84.1 Shihu 83.8 Chaihu 83.6 
31 Shihu Shihu 100.0 Chaihu 90.0 Yimucao 89.4 Danzhuye 89.0 
32 Shandougen Shandougen 100.0 Gancao 79.4 Baitouweng 78.4 Zhimu 77.6 
33 Shegan Shegan 100.0 Shandougen 73.2 Gancao 73.0 Zhimu 71.9 
34 Sumu Sumu 100.0 Yinyanghuo 86.7 Baitouweng 85.0 Zhimu 83.1 
35 Shanzhuyu Shanzhuyu 100.0 Mahuang 91.4 Huhuanglian 90.9 Fangji 87.3 
3 9 
(Cont'd) 
1st member in 2nd member in 3rd member in 4th member in 
Reference sample the hit list the hit list the hit list the hit list 
Target Score Target Score Target Score Target 
36 Wuweizi Wuweizi 100.0 Zexie 56.9 Shanzhuyu 54.0 Mahuang 49.0 
37 Wuzhuyu Wuzhuyu 100.0 Aiye 67.7 Qianhu 67.7 Duhuo 67.6 
38 Xiangfli Xiangfii 100.0 Ezhu 80.1 Zexie 74.9 Yimucao 62.7 
39 Xuanshen Xuanshen 100.0 Shanzhuyu 63.3 Huhuanglian 58.2 Mahuang 58.0 
40 Yinchaihu Yinchaihu 100.0 Lianqiao 89.2 Danggui 83.7 Qianghuo 82.5 
41 Yimucao Yimucao 100.0 Shihu 89.3 Zhizi 78.6 Chaihu 75.0 
42 Yinyanghuo Yinyanghuo 100.0 Baitouweng 92.8 Sumu 86.9 Zhizi 84.1 
43 Zhimu Zhimu 100.0 Sumu 83.0 Yinyanghuo 82.1 Baitouweng 81.7 
44 Zhishi Zhishi 100.0 Qianhu 83.3 Qinghao 80.2 Bohe 79.9 
45 Zexie Zexie 100.0 Xiangfu 74.0 Chuanxiong* 65.3 Yinchaihu 60.0 
46 Zhizi Zhizi 100.0 Chaihu 92.5 Mahuang 91.1 Shihu 88.7 
47 Xiaohuixiang Xiaohuixiang 100.0 Mahuanggen 92.3 Danzhuye 91.6 Chaihu 91.6 
48 Chaihu Chaihu 100.0 Danzhuye 93.7 Zhizi 92.7 Fangji 91.3 
49 Chuanxiong* Chuanxiong* 100.0 Zexie 68.2 Xuanshen 65.1 Yinchaihu 56.5 
50 Chuanxiong Chuanxiong 100.0 Gaoben 86.0 Danggui 81.4 Qianghuo 81.0 
51 Danggui Danggui 100.0 Qianghuo 91.8 Gaoben 89.3 Shanzhuyu 86.6 
52 Duhuo Duhuo 100.0 Qianhu 74.7 Aiye 74.3 Fanxieye 71.1 
53 Fangfeng Fangfeng 100.0 Shechuangzi 73.8 Bohe 73.3 Fanxieye 73.2 
54 Gaoben Gaoben 100.0 Qianghuo 89.6 Danggui 89.5 Chaihu 86.8 
55 Qianghuo Qianghuo 100.0 Danggui 91.6 Gaoben 89.0 Danzhuye 84.4 
56 Qianhu Qianhu 100.0 Zhishi 83.8 Shechuangzi 83.7 Shihu 82.8 
57 Shechuangzi Shechuangzi 100.0 Qianhu 84.3 Baizhi 83.3 Zhishi 75.1 
*A11 the scores were multiplied by a factor of 100. 
From the results in Table 3.3，it can be seen that the reference samples were also 
correctly identified with a score of 100 as in the case when the proposed 
point-to-point method was used. 
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3.2.3 Comparison of distinguishing ability of the proposed and 
Euclidean search method 
As mentioned above, both the proposed and the Euclidean method were successful to 
correctly identify all reference samples under study, an attempt was made to compare 
their distinguishing ability by comparing the scores obtained for the second, third and 
fourth members in the hit list for each reference sample. The lower these scores are, 
the better the distinguishing ability. The scores for the second members in the hit lists 
for both method were separately arranged in descending order, the first quartile, 
median and third quartile for each method are reported in Table 3.4. The procedure 
was repeated for the third and fourth members as well as for the combined list of 
second, third and fourth members in the hit list. Again, the scores of the first quartile, 
median and third quartile for each method are listed in Table 3.4. The results are also 
shown schematically in Figure 3.1. From both Table 3.4 and Figure 3.1，it is clear 
that the scores for the first quartile, median and third quartile for the second, third or 
fourth members in the hit list or for the combined list obtained using the proposed 
method are consistently lower than those of the Euclidean method indicating that the 
proposed method has higher distinguishing ability. 
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Table 3.4 Comparison of scores for the first quartile (Ql), median and third quartile (Q3) for the 
second, third, and fourth members of the hit list and for the combined list obtained using both 
methods.  
, , , , ^ Scores 
Method Target  
Ql Median Q3 
2"^  in hit list 75.1 83.8 90.0 
3rd in hit list 73.0 80.2 88.5 
Euclidean  
4th in hit list 65.4 77.6 86.3 
Combined list 71.6 81.0 88.6 
2nd in hit list 70.61 80.37 87.24 
3"* in hit list 64.96 75.75 80.55 
Proposed  
4th in hit list 63.08 69.36 76.75 
Combined list 64.94 74.50 83.48 
100 
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Figure 3.1 Comparison of results using the proposed method and the Euclidean search method 
3.2.4 Comparison of the recognizing ability of the proposed method 
A comparison of the recognizing ability of the proposed method and the Euclidean 
search method can be made by comparing the search results of unknown samples 
obtained using both methods. 
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Altogether 200 herbal samples were used for this study. One hundred and forty-three 
of them were treated as for the unknown sample and their spectra were compared 
with the reference spectra in the library using both the proposed point-to-point 
spectral comparison method and the Euclidean search method. The scores for the 
first member in the hit list obtained using both methods are shown in Table 3.5 and 
3.6 respectively. It can be seen from the results that for both methods, all the 
unknowns were correctly identified. However, there are 40 similarity scores equal to 
100 obtained using the proposed method compared with only 1 score of 100 obtained 
using the Euclidean search method. Further, the proposed method had 102 scores that 
are higher than those of the Euclidean search method, while the latter method yielded 
39 similarity scores higher than those of the proposed method. These results 
indicated that the proposed method has a better recognizing ability. 
Table 3.5 Search results of unknown samples using proposed method 
Herbal Sample Similarity 
. 1 99.93 
Aiye  
2 100.00 
^ 1 100.00 
Baibu  
2 99.52 
Bohe 1 96.98 




























^ .. 1 ~ ^ 
Fangji  
2 97.26 













. 1 100.00 
Huangqm  
2 100.00 
Huoxiang 1 98.26 





Herbal Sample Similarity 
1 92.88 
Kushen 2 100.00 
3 100.00 
1 100.00 






Madouling 2 100.00 
3 95.45 
1 100.00 













Qinghao 2 99.49 
3 95.76 
Shihu • 1 95.45 
2 90.91 
1 91.09 












Shanzhuyu 2 100.00 
3 99.97 
1 93.16 
Wuweizi 2 98.57 
3 96.34 
1 100.00 
Wuzhuyu 2 100.00 
3 100.00 
1 100.00 
Xiangfli 2 100.00 
3 100.00 















Zexie 1 100.00 





Herbal Sample Similarity 
1 99.56 























Danggui 2 92.59 
3 86.04 
1 99.36 




Herbal Sample Similarity 
r . 1 92.09 
Fangfeng  
2 93.30 
Gaoben 1 94.82 
1 98.60 
Qianghuo 2 90.74 
3 98.34 








Table 3.6 Search results of unknown samples using the Euclidean search method 




D -u 1 99.3 Baibu  
2 96.2 
Bohe 1 98.8 




Baizhi 2 91.9 
3 
. 1 97.4 
Chuanlianzi  
2 96.8 








^ , 1 99.1 
Dahuang  
2 97.6 
八. 1 99.1 
Diyu  
2 ^ 
^ , 1 96.4 
Danzhuye  
2 
口 , 1 93.8 
Ezhu  
2 ^ 
T7 .. 1 92.9 Fangji  
2 ^ 
T7 • 1 95.1 Fanxieye  
2 ^ 














Huoxiang 1 97. i 





Herbal Sample Similarity 
1 94.2 
Kushen 2 98.6 
3 97.1 
1 99.4 
Lianqiao 2 98.6 
3 ^ 
T . . . 1 99.0 Lianzixm  
2 98.3 
1 98.0 
Madouling 2 98.4 
3 97.3 
1 98.6 
Mahuang 2 99.6 
3 98.0 
Mahuanggen ^ ^ 
2 










Qinghao 2 96.4 
3 ^ 
















Shanzhuyu 2 99.1 
3 97.8 
1 95.1 
Wuweizi 2 98.7 
3 95.1 
1 96.8 
Wuzhuyu 2 99.5 
3 97.0 
1 99.3 
Xiangfu 2 99.1 
3 99.3 
Xuanshen ^ ^ 
2 94.5 
Yinchaihu ^ ^ 
2 ^ 
V. 1 96.7 Yimucao  
2 93.6 
Yinyanghuo 1 96.6 
7“. 1 96.8 Zhimu  
2 ^ 
71V u- 1 96.3 Zhishi  
2 99.2 
Zexie 1 98.2 
1 97 3 





Herbal Sample Similarity 
1 96.5 
Xiaohuixiang 2 99.7 
3 98.6 





















Danggui 2 96.8 
3 95.3 
1 99.1 




Herbal Sample Similarity 
口 . 1 96.7 
Fangfeng  
2 66.9 
Gaoben 1 94.3 
1 98.6 
Qianghuo 2 98.1 
3 ^ 






* For comparison, all the scores were multiplied by a factor of 100. 
3.2.5 Comparison of the proposed point-to-point search method with 
other library search methods 
1. Neither feature extraction^^' 56 nor spectral compression^^ is needed for the 
proposed method. As a result, the fully digitized spectral data were restored in the 
library. In the past, in order to speed up library search and save the computer 
storage space for spectral data, the spectral comparison was usually based on the 
feature extraction or spectral compression. However, spectral data may be lost 
using these techniques. Improvements in computer performance and lower costs 
for data storage have increased the use of fully digitized spectra. 
2. No training, which is time consuming, is needed for the proposed method 
compared with ANN and expert systems.^ '^ ^"^® 
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3. Compare with the "Effective Peaks Matching" method, the proposed method is 
more rapid as unlike the former method which requires three measurements of 
spectrum with three sample preparations, the proposed method requires only one 
measurement of the spectrum of the sample. 
4. Compared with the Euclidean search method, the proposed method has higher 
recognizing and distinguishing abilities. Furthermore, the Euclidean software 
packages have to be purchased from the manufacturer, whereas the program for 
the proposed method can be developed within one week in one's own laboratory 
using Visual Basic for Applications (VBA) and run under Microsoft Excel. 
5. Extract from the herbal drug is a mixture. The IR spectrum thus obtained is a 
summation of the spectra of all the constituents. For herbal species, the spectrum, 
especially the shoulder peaks may have large variation. However, the backbones 
of spectra are almost the same. This makes the library search program using 
feature extraction, such as peak extraction or peak table comparison, difficult to 
be applied for spectra of herbal extracts. Point-to-point comparison method uses 
every points (or points within certain range) in the spectrum to compare. As the 
backbones of spectra are almost the same, point-to-point spectral comparison 
method is suitable for the study of spectra of herbal extracts. 
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Conclusion 
A general extraction method involving simple operation steps, used less toxic 
solvents and produced highly characteristic spectra with good reproducibility was 
proposed in this project. 
The "Effective Peaks Matching" method was successfully applied for the 
identification of 48 samples from ten Umbelliferae Family of herbal drugs. 
Thirty-two (i.e. 86%) samples were correctly identified with similarity scores of 87.5 
or above. 
A "point-to-point" spectral search algorithm was developed in this research work, 
and it was successfully applied for the identification of 200 samples from 56 
commonly used Chinese herbal drugs. 95.8% of the samples were correctly identified 
with similarity scores of 90 or above. Compared with the Euclidean search method, 
the proposed method has higher recognizing and distinguishing abilities and the 
program for the proposed method can be developed within one week in one's own 
laboratory using Visual Basic for applications (VBA). 
For the herbal extracts, the spectra have larger variation in shoulder peaks. However, 
the backbones are almost the same. This makes the library search program using 
feature extraction, such as peak extraction or peak table comparison, difficult to be 
applied for spectra of herbal extracts. The proposed point-to-point spectral 
comparison method uses every point in the spectrum for comparison and it is suitable 
for the identification of herbal samples. 
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Appendices 
A1 VBA programs for the "Effective Peaks Matching" method 
Al. l Macro 1 
Sub auto_open() 
'starting 
greetingmsg = MsgBox("Welcome to the Effective Peaks Matching Similirity Search 
Program", vblnformation + vbOKOnly, "Effective Peaks Matching Similirity 
Search") 
startinganswer = MsgBox("Continue to use this program", vbYesNo + 
vbQuestion + defaultbottonl, "Effective Peaks Matching Similirity Search") 
If startinganswer = vbYes Then 
GoTo line3 
Else: Exit Sub 
End If 




'code first ir spectroscopic data 
Application. ScreenUpdating = False 
'input first ir spectroscopic data 
fNameAndPath = Application.GetOpenFilename — 
(FileFilter:="Ascii files (*.asc), *.asc"，一 
Title:="Select file to be imported") 
If fNameAndPath = False Then Exit Sub 
Workbooks.OpenText fNameAndPath, StartRow:=1057, DataType:= 
xlDelimited, TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, _ 
Tab:=True, Semicolon:=False, Comma:=False, Space:=False, 
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Other:=False _ 
，FieldInfo:=AiTay(Array( 1, 1), Array(2, 1)) 
'copy ir data to epmss.xls 
'copy data to destination 
With ActiveSheet.UsedRange 
Set urange = Range("Al", "b501") 
Set destcell = 
Workbooks("epmss.xls").Worksheets("coding").Range("a2") 




'clear the clipboard 










Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, 
SkipBlanks:= _ 
False, Transpose:=False 
'code second ir spectroscopic data 
'input second ir spectroscopic data 
fNameAndPath = Application.GetOpenFilename _ 
(FileFilter:="Ascii files (*.asc), *.asc"，_ 
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Title:="Select file to be imported") 
If fNameAndPath = False Then Exit Sub 
Workbooks.OpenText fNameAndPath, StartRow:=1057, DataType:= 
xlDelimited, TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, _ 
Tab:=True, Semicolon:=False, Comma:=False, Space:=False, 
Other:=False _ 
,FieldInfo:=Array(AiTay(l, 1)，Array(2, 1)) 
'copy second ir data to epmss.xls 
'copy data to destination 
With ActiveSheet.UsedRange 
Set urange = Range("Al", "b501") 
Set destcell = 
Workbooks("epmss.xls").Worksheets("coding").Range("a2") 




'clear the clipboard 














'code for the third ir spectroscopic data 
’input third ir spectroscopic data 
fNameAndPath = Application. GetOpenFilename _ 
(FileFilter:="Ascii files (*.asc), *.asc", _ 
Title:="Select file to be imported") 
If fNameAndPath = False Then Exit Sub 
Workbooks.OpenText fNameAndPath, StartRow:=1057, DataType:= 
xlDelimited, TextQualifier:=xlDoubleQuote, 
ConsecutiveDelimiter:=False, _ 
Tab:=True, Semicolon:=False, Comma:=False, Space:=False, 
Other:=False _ 
,FieldInfo:=AiTay(Array(l, 1)，AiTay(2, 1)) 
'copy third ir data to epmss.xls 
’copy data to destination 
With ActiveSheet.UsedRange 
Set urange = Range("Al", "b501") 
Set destcell = 
Workbooks("epmss.xls").Worksheets("coding").Range("a2") 




'clear the clipboard 











Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, 
SkipBlanks:= _ 
False, Transpose:=False 
'saving coded file to library 
savinganswer = MsgBox("Save the coded file to library?", vbYesNo + 
vbQuestion + vbDefaultButtonl, "Effective Peaks Matching Similirity Search") 
If savinganswer = vbYes Then 
Application.Run "epmss.xls!macro6" 





Application. ScreenUpdating = True 
searchinganswer = MsgBox("Library search?"，vbYesNo + vbQuestion + 
vbDefault2, "Effective Peaks Matching Similirity Search") 
If searchinganswer = vbYes Then 
Application.Run "epmss.xls！macroS" 
Else: GoTo line4 
End If 
line4: 
check = MsgBox("Search for other spectrum", vbQuestion + vbYesNo + 
vbDefaultButtonl, "Effective Peaks Matching Similirity Search") 
Loop Until check = vbNo 
End Sub 
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A1.2 Macro 2 
Sub Macro2() 
‘searching---formula copy 











'copy formula in ir data in library to other data 
Range("e41:eo72").Select 








rowcount2 = Selection.Rows.Count 
'MsgBox rowcount2 
i = (rowcountl - rowcount2) / 32 







1 = 1 - 1 
Loop Until i = 0 
End Sub 
A1.3 Macro 3 
Sub Macro3() 








A1.4 Macro 4 
Sub Macro4() 
I 






Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= _ 
False, Transpose:=False 
Application.CutCopyMode = False 
Selection.sort Keyl:=Range("U2"), Orderl:=xlDescending, Header: =xlGuess,— 





Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= _ 
False, Transpose:=False 
Application.CutCopyMode = False 
Selection.sort Keyl:=Range("W2"), Order 1 :=xlDescending, Header:=xlGuess, 
OrderCustom:=l, MatchCase:=False, Orientation:=xlTopToBottom 
End Sub 
A1.5 Macro 5 
Sub Macro5() 






Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= _ 
False, Transpose:=False 
Application.CutCopyMode = False 
Selection.sort Keyl:=Range("Ad2"), Orderl:=xlDescending, Header:=xlGuess 
，OrderCustom:=l, MatchCase:=False, Orientation:=xlTopToBottom 
End Sub 
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‘add to library 




Message = "Please enter file name" 




ActiveCell = Application.InputBox(Message, Title) 
HERBNAME = ActiveCell 
RangeC'cl") = HERBNAME 


















Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= 
False, Transpose:=False 
Range("e41:eo72").Select 






End Sub ' 
A1.7 Macro 7 
Sub Macro7() 
Dim j As Integer 
Dim i As Integer 
Dim counter 1 As Integer 
Dim diffl As Variant 
Dim counter! As Integer 
Dim diff2 As Variant 
Workbooks("epmss.xls").Activate 
Worksheets(" searching") .Activate 
Range("o4"，”p33”).ClearContents 
Range("r4”，"s33").ClearContents 
Range(丨丨 u4”，”v33, ’).ClearContents 
'substract absorbance at 2000cm-1 
For i = 4 To 33 
counter 1 = 0 
7 0 
counter2 = 0 
For j = 4To33 
diffl = Abs(Cells(i, 1) - Cells(j, 4)) 
diff2 = Abs(Cells(i, 1) - Cells(j，7)) 
If diffl >= 0 And diffl <= 15 Then 
counter 1 = counter 1 + 1 
End If 
Ifdiff2 >= 0 And difO <= 15 Then 
counter2 = counter2 + 1 
End If 
Next j 
If counter2 >= 1 And counter 1 >= 1 Then 
Cells(i, 15) = Cells(i, 1) 
Cells(i, 16) = Cells(i, 2) 
End If 
Next i 
For i = 4 To 33 
counter 1 = 0 
counter2 = 0 
For j = 4To33 
diffl = 0 
diff2 = 0 
diffl = Abs(Cells(j，1) - Cells(i, 4)) 
diffZ = Abs(Cells(i, 4) - Cells(j’ 7)) 
If diffl >= 0 And diffl <= 15 Then 
counter 1 = counter 1 + 1 
End If 
Ifdiff2 >= 0 And diff2 <= 15 Then 




If counter! >= 1 And counter 1 >= 1 Then 
Cells(i, 18) = Cells(i, 4) 
Cells(i, 19) = Cells(i, 5) 
End If 
Next i 
For i = 4 To 33 
counter 1 = 0 
counter2 = 0 
Forj = 4To33 
diffl = Abs(Cells(i, 7) - CellsG, 4)) 
difO = Abs(Cells(j, 1) - Cells(i, 7)) 
If diffl >= 0 And diffl <= 15 Then 
counter 1 = counter 1 + 1 
End If 
IfdifO >= 0 And difO <= 15 Then 
counter2 = counter2 + 1 
End If 
Nextj 
If counter2 >= 1 And counter 1 >= 1 Then 
Cells(i,21) = Cells(i, 7) 




Selection.sort Keyl:=Range("04")’ Orderl:=xlDescending, Header:=xlGuess, _ 
OrderCustom:=l, MatchCase:=False, Orientation:=xlTopToBottom 
Range("R4:S33").Select 
Selection.sort Keyl:=Range("R4")，Orderl:=xlDescending, Header:=xlGuess, _ 
OrderCustom:=l, MatchCase:=False, Orientation:=xlTopToBottom 
Range("U4:V33").Select 
Selection.sort Keyl:=Range("U4")，Orderl:=xlDescending, Header:二xlGuess, _ 







Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:=— 
False, Transpose:=False 
End Sub 
A1.8 Macro 8 







Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= _ 
False, Transpose:=False 
Application.CutCopyMode = False 
Selection.sort Keyl:=Range("EQ2")，Orderl:=xlDescending, Key2:=Range( _ 






A2. VBA programs for "point-to-point" comparison method 
A2.1 Macro 1 
Sub auto_open() 
'starting 
greetingmsg = MsgBox("Welcome to use the Similarity Search Program", 
vblnformation + vbOKOnly, "Similarity Search") 
startinganswer = MsgBox("Continue to use this program", vbYesNo + vbQuestion + 
defaultbottonl, "Similarity Search") 
If startinganswer = vbYes Then 
GoTo line3 
Else: Exit Sub 
End If 
line3: 
'input ir spectroscopic data 
Application. ScreenUpdating = False 
fNameAndPath = Application.GetOpenFilename 一 
(FileFilter:="Ascii files (*.asc), *.asc’'，_ 
title:="Select spectrum to be imported") 
If fNameAndPath = False Then Exit Sub 
Workbooks.OpenText fNameAndPath, StartRow:=1057, DataType:= _ 
xlDelimited, TextQualifier:=xlDoubleQuote, ConsecutiveDelimiter:=False, 
Tab:=True, Semicolon:=False, Comma:=False, Space:=False, Other:=False 
,FieldInfo:=Array(AiTay(l, 1)，Array(2, 1)) 
'copy ir data to ss.xls 
'copy data to destination 
With ActiveSheet.UsedRange 
7 4 
Set urange = RangefAlOl", "b501") 
Set destcell = 
Workbooks("ss.xls”).Worksheets("searching").Range("a2") 




'clear the clipboard 
Application.CutCopyMode = False 
'saving coded file to library 
savinganswer = MsgBox("Save the spectrum to library?", vbYesNo + 
vbQuestion + vbDefaultButton2, "Similarity Search") 
If savinganswer = vbYes Then 
Application.Run "ss.xls!macro3" 




Application. ScreenUpdating = True 
searchinganswer = MsgBox("Library search?", vbYesNo + vbQuestion + 
vbDefault2, "Similarity Search") 
If searchinganswer = vbYes Then 
Application.Run "ss.xls!macro2" 
Application.Run "ss.xls!macro4" 




A1.2 Macro 2 
Sub macro2() 
Dim i As Variant 
Dim j As Variant 
Dim count As Variant 
Dim count 1 As Variant 
Dim count2 As Variant 
Workbooks("ss.xls").Activate 
Worksheets("searching").Activate 
Forj = 1 To 129 
count 1 = 0 
count2 = 0 
count = 0 
For i = 1 To 401 
IfCells(402 * j + 8 + i，1) > 0 Then 
Cells(402 * j + 8 + i,3) = Abs(Cells(i + 1 , 2 ) - Cells(402 • j + 8 + i, 
2)) 
IfCells(402 * j + 8 + i, 3)<=0.1 Then 
count 1 = count 1 + 1 
End If 
IfCells(402 * j + 8 + i, 3)>0.1 And Cells(402 * j + 8 + i, 3) <= 
0.15 Then 




IfCells(402 * j + 9，1)�0 Then 
count = count 1 + count2 
Cells(402 * j + 9, 4) = (count / 401) * 100 





A1.2 Macro 2 
Sub Macro3() 
‘add to library 
Dim HERBNAME As String 
Dim message As String 




message = "Please enter file name" 




ActiveCell = Application.InputBox(message, title) 
HERBNAME = ActiveCell 




























Selection.PasteSpecial Paste:=xlValues, Operation:=xlNone, SkipBlanks:= _ 
False, Transpose—False 
Application.CutCopyMode = False 
Selection-sort Keyl:=Range("g2"), Orderl:=xlDescending, Key2:=Range( _ 
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